Three populations of Archachatina marginata snails (P 1 , P 2 and P 3 ) obtained from natural snail habitats located in three states of Nigeria (one population per state) namely Enugu, Edo and River States were evaluated for pre-mating reproductive isolation using mate-choice tests. Total number of mated snails were very small (19.2%) compared to the number tested. Mating propensity (MP) varied significantly (P ≤ 0.05) among snail populations in two test groups and observed MP in the test groups differed significantly (chi-square test, P < < < <0.05; 0.001) from that expected under random mating. Pair formation was significantly (chi-square test, P < < < < 0.05; 0.001) influenced by differences in MP and within-population (homotypic) and between population (heterotypic) mating occurred in frequencies that differed significantly (chi-square test, P ℜ ℜ ℜ ℜ 0.05; 0.001) from that expected under random mating. Whereas observed heterotypic pair formation were less than that expected under random mating, homotypic pair formation were either equal or more than that expected under random mating. Duration of reproductive activities differed significantly (P ≤ 0.05) among test populations. It was concluded that reduced pair formation, elongated duration of courtship, and reduced mating between populations of A. marginata, indicate partial or incomplete pre-mating reproductive isolation.
INTRODUCTION
Speciation is the process by which two species form from one (Grant and Grant, 2009) . Among the competing species concepts, the morphological (Darwin, 1859 in Abbott et al., 2008) and the biological (Mayr, 1942) species concepts are in the fore front with the biological species concept remaining the most contentious (Claridge et al., 1997; Via, 2002; Coyne and Orr, 2004; Abbott et al., 2008) . Each of these concepts has its own strengths and weaknesses (Abbot, et al., 2008; Mallet, 2008) as well as proponents and opponents (Via, 2001 (Via, , 2002 Abbott et al., 2008; Stadler et al., 2008) . The various species concepts however, considerably agree as to what species exist in nature and about what biological forces are that explain those species. A set of organisms that interbreed and produce viable hybrids are likely to be phenotypically alike, adapt to a similar ecological niche and share a set of phenotypic characters *Corresponding author. E-mail: coschi07@yahoo.com.
that are used to exploit the ecological niches.
Widely separated snail populations may undergo speciation through genetic differentiation by reasons of inhabiting different geographical locations, the evolution of different character traits necessary to survive in their respective environments and reproductive isolation due to lack of contact and/or genetic, morphological, or ethological incompatibility between forms. There is presently dearth of information on the biology of Archachatina marginata and other members of the genus Achatina. A. marginata is the predominant and most preferred giant African land snail (GALS) in Nigeria (Raut and Barker, 2002) . Among the GALS, A. fulica has received the greatest scientific attention probably due to its pestiferous nature (Raut and Barker, 2002; Albuquerque et al., 2008) . Tomiyama (1992) studied dispersion and homing behaviour in A. fulica and reported a dispersion of 161 cm and 100 cm for mature and immature snails, respectively. Homing behaviour was age dependent being strong for old adults but absent in young adults and juveniles. Panja (1995) in Raut and Barker (2002) reported that total distance traveled per night of activity decreased during the season irrespective of the age structure of the population with an average of 1429 cm in June reducing to 912 cm in October. Homing behaviour was 20% for animals of 40-49 mm shell size, 78% for animals of 70-79 mm shell size but absent in animals of 20-29 mm shell size (Raut and Barker, 2002) . Homing in terrestrial gastropods is mediated by directional trail following and chemoreception of airborne odours from the home sites (Cook, 2001; Raut and Barker, 2002) . Given the low potential for active dispersion in GALS (Takeuchi et al., 1991; Tomiyama, 1992; Albuquerque et al., 2008) and their strong homing instinct, human agents as well as formites (transport vehicles etc) have been the principal agents for the dispersion of GALS (A. marginata, A. fulica, A. achatina) and colonization of distant lands (Takeuchi et al., 1991; Monney, 1994; Gascoigne, 1994; Raut and Barker, 2002; Albuquerque et al., 2008) . In a mating test involving species of GALS from rural Nigeria, Ugwu et al. (2011) observed the least number of mated pairs (three mated pairs out of eleven pairs tested or 23.1%) for A. marginata. Widely separated snail populations could hence become reproductively isolated.
Traditionally, spatial context has played a dominant role in consideration of the mode of speciation (Abbott et al., 2008) . Three models: sympatric, parapatric and allopatric speciation models predominate and compete (Via, 2001 (Via, , 2002 Abbott et al., 2008) . Sympatric speciation is the formation of two or more descendant species from one ancestral species all occupying the same geographical location. Thus, sympatric speciation proceeds without spatial distribution and with adaptive divergence occurring under conditions of random mating (Abbott et al., 2008) . Sympatric speciation is therefore, a function of differences in preferred habitats, resource allocation and utilization and the evolution of different reproductive (sexual) behaviour leading to preferred mating among genetically identical individuals possessing certain competitive advantages within a geographical locationnatural (divergent) selection against the production of hybrids bringing about ecological divergence. Parapatric speciation occurs when in a geographical range gene flow is reduced because mating occurs only or more frequently among individuals that are closest. Mating is hence not random. Consequently, gene flow within the range is reduced and phenotypes gradually diverge from the extreme forms. The genetic isolation arising from the great distance separating subpopulations coupled with divergent selection eventually leads to speciation. Allopatric speciation considers the presence of geographical barriers (geographical isolation) as the predominant means by which speciation occur. The process involves the introduction of some members of a species into a new geographical location, colonization of the new location, adaptation to the peculiar characteristics/ resources of the new location (adaptive divergence in allopatry), and the development of a barrier to interbreeding when such diverged populations encounter each other in sympatry (reproductive isolation). The barrier may be formed fully in allopatry before encounter or may be partial (incomplete) or incipient at point of contact but reinforced in sympatry by natural selection that causes further divergence (reinforcement of reproductive isolation) (Coyne and Orr, 2004; Hoskin et al., 2005; Stadler et al., 2008) . The importance of geographical isolation in facilitating evolutionary divergence through mutation, genetic drift and adaptive differentiation has been recognized over the centuries, and the role of geographical isolation in speciation has become axiomatic in biology (Schneider et al., 1999) . Of all the geographical speciation models, the process of allopatric speciation is the best understood and least controversial (Losos and Glor, 2003; Coyne and Orr, 2004; Stadler et al., 2008) .
It is important to understand how reproductive isolation evolves because it is the final step to speciation (Weinberg et al., 1990 ) and the isolation barriers are of interest in understanding how biological species arise and how they are maintained (Dell ' Olivo et al., 2011) . Factors that bring about reproductive isolation have been classified into prezygotic (before fertilization) and postzygotic (after fertilization) isolation factors. Prezygotic isolation is the reduced probability of mating between individuals of different populations or subsets of the same population as a result of behavioural and/or phenotypic differences leading to sexual selection within and between populations (Dobzhansky, 1970; Kirkpatrick, 1982; Phelan and Baker, 1987; Grant and Grant, 2009; Dell ' Olivo et al., 2011) . Postzygotic isolation is the reduced viability or total inviability of hybrids formed by the mating of individuals from reproductively isolated populations. It is postulated that genes that have diverged in allopatric populations become incompatible when combined in hybrids causing hybrid sterility or inviability (Abbott et al., 2008; Dell ' Olivo et al., 2011) . To test whether allopatric (geographically isolated) populations of A. marginata constitute different organisms (different species) would require the demonstration of reproductive isolation among individuals of those populations in sympatry (Abbott et al., 2008) . Mate choice tests investigating courtship duration, mate selection (mate preferences), and duration of mating (DM) among adults of such populations could reveal the presence of total, partial or incipient premating reproductive isolation. We hereby report an experiment designed to determine the presence of premating reproductive isolation in A. marginata obtained from three states in humid tropical Nigeria.
MATERIALS AND METHODS
The study was carried out in the snailery unit of the department of , and P3, respectively. At each sampling location, snails within an area not exceeding 20 x 20 m were sampled based on the dispersive ability of the snail species. On arrival, the snails were washed by spraying, marked and isolated in individual plastic baskets measuring 16 cm in diameter by 10 cm high. The bottom of each basket was covered by 3 cm thick garden soil. The snails were fed a combination of formulated ration and plant food materials. Isolation in individual baskets lasted for at least 90 days (range 90 days to 120 days) believed to be long enough to allow the snails develop strong desire to mate (Dillen et al., 2010) and to shed fertilized eggs it may have carried from the wild (Baur, 1993; Landolfa et al., 2001) .
Mating arrangement
At the end of the isolation period, two snails were randomly selected from one population and housed together with that from another population in a plastic basket measuring 60 x 45 x 20 cm to form a test unit (a tetrad). The containers were wide enough to allow free movement of the snails within the test area (Baur and Baur, 1992) . Between 15 and 19 replications of each tetrad were set up giving 52 test units (tetrads) for three population combinations (P1 x P2; P1 x P3 and P2 x P3).
Parameters measured
The snails in each test unit were observed from 6.00 pm to 6.30 am daily for courtship latency (CL) (time from initial association or meeting to initiation of oral contact), duration of courtship (DC) (time from initiation of oral contact to onset of copulation), and duration of copulation or mating (time from onset of copulation to separation of the snails). Each test unit was observed initially for 12 h (6.00 pm to 6.00 am) and if no snail initiated courtship, observation was terminated. Observation was also terminated for each test unit as soon as the first copulation occurred in a test arena since the remaining two snails will have no mate choice (Baur and Baur, 1992; Baur, 1993) . Each snail participated once in the mate test. Association (courtship and/or mating) between two snails from the same population was termed homotypic courtship or mating while that between snails from different populations was denoted as heterotypic courtship or mating. The mating propensity (MP) of snails of each population was obtained as the percentage of snails of that population that mated in each test group. The snailery is an enclosure made of expanded metal and chick wire mesh with open roof and sides. Creeping plants covered the roof of the enclosure and provided shading from the sun. Shaded kerosene lantern in addition to moon light provided enough illumination for observation without disturbing the nocturnal habit of the snails.
Experimental design and data analysis
The experimental design was a completely randomized design (CRD) in one-way classification. Data on duration of courtship latency, courtship and mating were analyzed using the analysis of variance (ANOVA) option of SPSS statistical package (SPSS, 2001 ). Significant means were separated using the Duncan option of SPSS. To determine the effect of different mating propensities on pair formation, the expected frequencies of pair formation under random mating and after correcting for differences in MP were calculated for each test population and compared with observed frequencies using the chi-square test for goodness of fit. The mating propensities of the two snail populations that make up a test population as well as that of the same snail population in different test groups were also compared using the chi-square (χ 2 ) test for goodness of fit. Table 1 presents the number of tested units (groups of four snails or tetrads), courted snails (pairs), mated snails (pairs) and percentages of tested and courted snails that mated. The table showed that out of 36 pairs of snails (eighteen tetrads) tested for P 1 x P 2 population, only nine pairs (25%) established courtship while only five pairs (13.9% of tested pairs or 55.6% of observed courting pairs) succeeded in mating. Across test populations percentage of courted snails and tested snails that mated ranged from 55.6-85.7% and 13.9-23.7%, respectively. The overall mean percentage of established courtships and courtships that led to mating was 26% and 19.2% of tested pairs, respectively indicating that over 70% of the tested pairs of snails did not court at all or broke courtship within CL while over 80% either did not court at all or courted but did not mate.
RESULTS AND DISCUSSION
The wide differences between number of tested snails and the number that eventually mated in each test group indicate that there was high mate selectivity among the snails tested. However, most pairings that successfully courted also succeeded in mating (55.6%, 81.8%, and 85.7% for P 1 x P 2 , P 1 x P 3 , and P 2 x P 3 test groups, respectively (mean 74.1%). The mean value of 19.2% (range, 13.9 -23.7%) reported in the present study as percentage of tested snails that mated is comparatively higher than the 10% reported by Tomiyama (1994) in an experiment that studied reproductive behavior of A. fulica under field situation. The snails used in the present study were collected from the wild during the dry season in Nigeria (December to February) when snails go into aestivation and were kept individually until tested for mating within the rainy months (from March) when snails usually resume active reproductive activities. Snails have been shown to have high propensity to mate after arousal from dormancy (Baur and Baur, 1992; Baur, 1993) and/or after long period of isolation (Dillon et al., 2007; Dillen et al., 2010) . In a study that considered only courtships that led to mating in Arianta arbustorum, Baur and Baur (1992) reported the percentage of snails that successfully courted (and therefore mated) as 20.4% indicating that over 70% of tested snails either did not court at all or courted unsuccessfully which compared favourably with our findings. Table 2 presents the type and number of mating pairs, number of each snail type mated, percentage of each type of mating, and mating propensities of snail types (snails from different populations). The table showed that among mated types, homotypic mating was more frequent (range, 60.0%-83.3%) than heterotypic mating (range, 16.7%-40.0%) within each test population. The lower proportion of heterotypic pairs that eventually mated across test populations compared to homotypic pairs suggest that there was very low number of heterotypic pairing for courtship or that most heterotypic pairings did not successfully court or mate. In the experiment with A. arbustorum (Baur and Baur, 1992) , courtship was more frequently broken off in heterotypic pairs (in ten out of twenty-three cases; 43.5%) than in homotypic pairs (in three out of thirty-nine cases; 7.75%).
The higher frequencies of homotypic mating compared to heterotypic mating within and across test populations could be attributed to greater compatibility between snails of the same population than between those from different populations. Shared mating experience, similar or familiar reproductive behaviour, sex signaling, sensory, hormonal and tactile cues are all important pre-mating factors which influence both the rate and volume of reproductive activities in snail populations (Phelan and Baker, 1987; Zeeck et al., 1988; Frey et al., 1998; Hankison and Morris, 2003; Jang et al., 2009; Koene, 2010) . Olfaction and tactile cues are known to play decisive roles in mate selection during courtship and mating in snails (Horth, 2007; Tekeichi et al., 2007) . Sex pheromones secreted by opposite sexes or potential snail mates must be identified and recognized as such before successful courtship can be established. Lind (1976) reported that reproductive behaviour in the land snail, Helix pomatia, is highly organized and sequential, and can be stereotyped. Recognition of these sexual signals requires experience hence snails that have shared the same environment and probably interacted sexually in the past are more likely to recognize, respond to and reciprocate mating cues released or exhibited by members of the same population than heterotypes. Since mating is completed only when there is appropriate exchange of stimuli, mate preference was more for homotypes than for heterotypes. Reproduction is a costly activity in snails (Daly, 1978; Ridly, 1983; Landolfa et al., 2001; Saltin, 2010) hence snails invest reproductive resources to maximize reproductive fitness (Landolfa et al., 2001; Johannesson et al., 2010) . Accordingly, homotypic pairing in the present experiment seems natural, sure and more beneficial hence optimal while hetrotypic pairing could be regarded as suboptimal and maladaptive (Saltin, 2010) . Reports on the mate preferences of A. marginata snails from different populations are almost non existent in literature however, collaborative studies involving other species report similar between population mate preferences. For instance, in the experiment with A. arbustorum (Baur and Baur, 1992) , the number of homo and heterotypic matings in their three test populations were 9 vs 4; 19 vs 3 and 8 vs 6, respectively indicating that homotypic mating accounted for 69, 86 and 57%, respectively (mean 70.7%) of all matings in the three test populations which are in high accord with our values of 60%, 66.7%, and 83.3% (mean 70%) obtained in the present study. Sutton et al. (2005) using mate selection tests studied chemical signal mediated premating reproductive isolation in the river worm, Neanthes acuminata and reported that all populations were found to preferably mate with members of their own population. In this experiment, heterotypic pairs showed aggression even in cases where the distance between two of the populations studied was less than 15 miles.
The reduced mating between heterotypes indicate the presence of pre-mating reproductive isolation between A. marginata snails separated by distance and inhabiting different geographical locations while non-mating homotypes signal pre-mating reproductive isolation probably due to sexual selection on account of character displacement (ethological barrier) (Amanda et al., 2004) or different levels of interaction (ecological interaction) between the snails and their environment (Via, 2002) . Isolating mechanisms preventing populations of the same animal species from coming in contact include geographical isolation (allopatric distribution), isolation due to distance (like in animals with limited locomotive ability), climate and seasonal barriers. These mechanisms prevent migration and intermingling of the individuals of the two populations, reducing or preventing exchange of genes between them so that the populations are genetically out of contact with each other and follow an independent evolutionary path. Consequently, both populations genetically differentiate and diverge, become distinct and form separate units. Some other isolation mechanisms act within as well as between populations. Sexual selection reproductively isolate members of the same (sympatric) population as well as members of different (allopatric) populations held in sympatry. Premating reproductive isolation by these mechanisms are usually due to differences in courtship behaviour displayed by different animals (Moehring et al., 2004) . Species recognition or mate recognition usually is a consequence of the display of familiar courtship behaviour. Males show specific mating behaviours and females must respond positively to these displays before mating can occur. Changes in courtship behaviour or non recognition of courtship behavoiur (leading to mate rejection) can be a sign of incipient premating reproductive isolation (Dobzhansky, 1970; Weinberg et al., 1990; Baur and Baur, 1992; Tregenza et al., 2000; Via, 2002; Grant and Grant, 2009; Schluter and Conte, 2009; Abbott et al., 2009 ).
Table 2 also shows that MP varied significantly (p≤0.05) between snails in two out of the three test populations. For instance in test group P 1 x P 3 , P 3 snails significantly (chi-square test; P ≤ 0.05) surpassed P 1 snails in MP (28.95% vs 18.42%) accounting for 61.1% of mated snails as against 38.9% for P 1 snails. P 3 x P 3 Ogbu and Ugwu 14673 homotypic mating was correspondingly higher in frequency than P 1 x P 1 homotypic mating (four out of nine pairs or 44.4%). In P 2 x P 3 test group, the picture was quite similar with P 3 snails being highly significantly (chisquare test; p≤0.001) superior in MP to P 2 snails (30.00% vs 10.00%) equivalent to 75% and 25% of mated snails, respectively. P 3 x P 3 homotypic mating was thus higher than P 2 x P 2 homotypic mating in frequency (66.7% vs 16.7%). The higher MPs observed for non-resident snails (P 3 snails) over resident type (P 1 snails) in P 1 x P 3 test population was quite interesting. We could not find any plausible reason for this observation since the snail samples used in this study were collected from natural populations exposed to similar climatic conditions (the three populations sampled belonged to the rain forest, humid ecological zone of Nigeria). Although, Nsukka the site of this experiment and source of P 1 snails is on the average cooler (mean daily temperature, 25°C) than Sapele and Port Harcourt (sources of P 2 and P 3 snails, respectively), all the snails were allowed at least 90 days to adapt to the experimental environmental conditions. Other mate test experiments (Baur and Baur, 1992; Fearnlay, 1995; Baur et al., 2009 ) reported similar significant differences in MP between resident and immigrant snail populations that could not be attributed to any obvious reasons. Baur and Baur (1992) however, suggested that snails from more benign conditions exhibit significantly lower MP which is in accord with our findings with respect to P 1 snails but could not account for the very low MP observed for P 2 snails in P 2 x P 3 test population. Perhaps, it may be that intra-population (homotypic) attraction or compatibility differed from one population to another so that more homotypic pairing occurred in favour of homotypes with stronger attraction or greater compatibility. However, inter population differences in MP have often been considered as the first step to premating reproductive isolation (Meffert and Bryant, 1991; Baur and Baur, 1992; Fearnley, 1995; Tregenza et al., 2000; Via, 2002; Grant and Grant, 2009; Schluter and Conte, 2009; Abbott et al., 2009) . Table 3 compares observed to expect MP of snails from different populations under random mating as well as the MP of the same snails in different test populations. The chi-square test for goodness-of-fit revealed that observed MP deviated significantly (chi-square test; P < 0.05; 0.001) from that expected under random mating in P 1 x P 3 and P 2 x P 3 test groups. MP values for P 1 snails were similar in different test populations (chi-square test; P ≥ 0.1) but differed significantly for P 2 and P 3 snails (chisquare test; P < 0.05; 0.001) in different test groups. MP (readiness or desire to mate) is both genetic and environmental and will usually differ within and between populations. The more active a snail is, the more readily it will initiate courtship (Baur and Baur, 1992) . Significant variation in MP due to snail combination could arise from differences in strength of attraction between homotypes and/or differences in compatibility between heterotypes all of which influence mate formation. The significantly (P < 0.05 ) higher MP observed for P 3 snails against P 1 and P 2 snails in P 1 x P 3 and P 2 x P 3 test groups, correlated with the significantly higher mating frequencies observed for P 3 snails in these populations. Table 4 presents the observed and expected frequencies of pair formation under random mating and after correcting for differences in mating propensities. The chisquare test for goodness-of-fit of observed mating frequencies to that expected under random mating shows that observed pair formation differed from that expected under random mating in P 1 x P 3 and P 2 x P 3 test groups (chi-square test; P < 0.05; 0.001). In all test populations, there were more homotypic matings than expected while fewer heterotypic matings were observed. The variation between observed and expected frequencies of pair formation indicate the influence of forces of sexual selection operating through differences in attraction, mating propensities and/or compatibilities between snails of different populations to influence pair formation (Baur and Baur, 1992) . The observed higher frequencies of homotypes further confirm the greater attraction and/or compatibility between snails from the same population compared to that for different populations while the lesser frequencies of heterotypes reinforce our inference of the presence of premating reproductive isolation in this species. Table 4 also shows that differences between observed and expected frequencies of pair formation reduced in significance (from P < 0.001 to P < 0.05) for P 2 x P 3 test group and became insignificant for P 1 x P 3 test population after correcting for differences in MP confirming that differences in MP significantly influenced pair formation in these test groups. Figure 1a , b, and c compares the reproductive parameters (duration of CL, courtship and mating) for mated types in the various test populations. CL differed significantly (P ≤ 0.05) among mating types in P 1 x P 2 and P 1 x P 3 test populations (Figure 1a and 1b, respectively) but was similar for mating types in P 2 x P 3 test group (Figure 1c) . For DC and DM, significant differences (P ≤ 0.05) were obtained among mating types in P 1 x P 3 and P 2 x P 3 test groups (Figure 1b and 1c, respectively) . Whereas heterotypic mating had overall lower mean CL across populations compared to homotypes (93.5 min vs 114.7 min), homotypic mating had overall lower mean DC (199.2 min vs 251.8 min) but higher overall mean DM (249.1 min vs 188.9 min) compared to heterotypes. The shorter duration of CL for heterotypes indicate that noncompatible or non-accepting heterotypes broke initial (tentacular) contact faster than non-accepting homotypes. Baur and Baur (1992) reported that incompatible hetero-and homotypes in A. arbustorum broke initial contact within mean time of 5.5 ± 0.6 min (range 1 to 15 min) or courtship began with oral contact. In the same report, CL ranged from 81.6 ± 41.0 min to 221.2 ± 10.1 min (mean 129.2 min) for heterotypes and 27.0 min to 229.9 ± 59.2 min (mean 166.6 min) for homotypes indicating that CL varied widely between courting types. The higher mean DC and lower mean DM for heterotypes indicate that these groups invested more time (and energy) in courtship but lesser time in copulation than homotypes. The longer DC was probably as a result of behavioural incompatibilities that needed to be overcome while the shorter DM could be a strategy for time management (a trade off) given that the complete sexual activities from courtship to mating must occur within the nocturnal period. Homotypes on the other hand had shorter DC which could be as a result of greater ethological (sexual and behavioural) similarity and synchrony consequent upon previously shared reproductive experiences (Hankison and Morris, 2003; Jang et al., 2009 ) thus saving time for longer DM. Time management is probably very critical for safety and successful reproduction in A. marginata. Baur and Baur (1992) reported comparable mean DC of 233.1 min (range 120.0 min to 309.9 ± 66.4 min) for homotypes and 237.4 min (range 197.6 ± 33.1 min to 273.0 ± 43.0 min) for heterotypes in A. arbustorum from five populations. The reported values in the present work and the range of published values from other studies (Baur and Baur, 1992; Tomiyama, 1994; Raut and Barker, 2002) indicate that DC varies widely among snail species and between individuals within the same species. Raut and Barker (2002) reported that DC in A. fulica lasts between 6-8 h (360 min to 480 min) but can vary from 1 h (60 min) to 24 h (1440 min). Tomiyama (1994) observed DC of less than 5 min in A. fulica under field observation while Chase (2007) reported that courtship in A. fulica can last up to 30 min (½ h).
Different species evolve different mechanisms to moderate the duration of reproductive activities. For instance, in H. pomatia, dart shooting is a signal to end courtship and initiate copulation (Lind, 1976) . Tomiyama (1994) reported average copulation time of 4.6 h (276 min; range 1.5-7.5 h or 90-450 min) for A. fulica under natural (field) mating. In a mate choice experiment involving two species of Littorina snails, Saltin (2010) found that male L. fabalis followed female L. obtusata for longer time than conspecific females but had longer duration of mating with conspecific females than with interspecific females. There is dearth of data on duration of mating for A. marginata. The range of values we obtained in the present study as well as those reported for A. fulica indicate that DM like other reproductive behaviors varies considerably within and across species, populations and environments. Generally, copulation in terrestrial snails is known to last from a few minutes to several hours (Plummer, 1975; Tomiyama, 1994) .
Conclusion
In general, the results obtained in the present study indicated partial premating (prezygotic) reproductive isolation in A. marginata snails. Mate discrimination between heterotypes was most serious between P 3 snails from Port-Harcourt (River State) and P 2 snails from Warri (Delta State) with the least number of heterotypic mating. P 1 snails from Nsukka (Enugu State) were highly compatible with P 2 and P 3 snails for reasons we do not yet understand. Consequently, most of the heterotypic matings involved P 1 snails in the test populations. The mechanism of mate discrimination in A. marginata is yet to be studied. However, the very low number of mated snails compared to number tested suggest, that intraand inter population mate selection and discrimination exist. It has been shown that previous (earlier) mating experience can influence mate choice (O'Hara et al., 1976; Baur and Baur, 1992) . The snails used in the present study were collected as adults from their natural habitats. It is hence safe to assume homotoypic mating experience from previous years. This shared reproductive experience was posited as being responsible for the higher frequency of homotypic mating compared to heterotypic mating.
Interpretation of mate test experiments is usually handled with caution (Baur and Baur, 1992; Baur et al., 2009) . This is because of the multiplicity of environmental adaptations and genetic factors including conflicting sexual interests and preferable traits that influence and confound observations on life history patterns in gastropods (Hankison and Morris, 2003; Hollander et al., 2005; Baur et al., 2009) . Explaining and drawing conclusions on interpopulation differences in life-history patterns require an understanding of the influence of snail origin, snail habitat, substratum type and local climate as well as specific genetic adaptations (co-adaptations) to peculiar environmental conditions (Baur et al., 2009 ). Despite these limitations comparative studies on life history patterns (courtship interaction, mate selection and mating propensities) of geographically isolated populations are useful in understanding the basis for the variation in reproductive behavour of not only populations of different species, but also different populations of the same species and such studies are prerequisites to experimental studies of reproductive isolation between populations (Baur and Baur, 1992; Frey et al., 1998; Johannesson et al., 2010) .
Based on the observed reduced mating between A. marginata snails from different populations, the elongated duration of courtship and reduced MP in some populations we conclude that partial or incomplete premating reproductive isolation exist between these snail populations.
